Allotropa citri can parasitize all stages of Pseudococcus cryptus. Under experimental conditions, however, no difference was observed in the percentage parasitism between the first and the second instar hosts, while parasitism on the third instar and adult female hosts was lower than on the first and second instars. No difference was observed in the developmental duration of this parasitoid between the first and the second instar hosts. Therefore, the first and second instar nymphs of P. cryptus were considered suitable host stages for the parasitoid. The lower developmental threshold temperature and thermal constant of A. citri for the first and second instar nymphs of P. cryptus were 10.1°C and 518.1 degree-days (DD), respectively. The lower developmental threshold temperatures and thermal constants of Anagyrus subalbipes females and males on P. cryptus adult females were 13.0°C and 234.2 DD, and 12.1°C and 245.5 DD, respectively. A. citri produced five generations and A. subalbipes seven generations in a year in the field of Nagasaki where the host produced four generations.
INTRODUCTION
Pseudococcus cryptus is an important citrus pest in Japan. Outbreaks often occur in greenhouses even when densities are low in the field. Several natural enemies of this mealybug have been reported (Tachikawa, 1963; Matsuura and Hatta, 1976; Matsuura, 1977; Itioka and Inoue, 1996) and are thought to be important for suppressing the pest in the field. The ecology of natural enemies of this mealybug has not been investigated other than in Clausenia purpurea (Murakami, 1966) . This paper reports the development of Allotropa citri and Anagyrus subalbipes, two of the most abundant native parasitoids of P. cryptus in Kuchinotsu, Nagasaki Prefecture (Arai, 2002) .
MATERIALS AND METHODS
The host mealybug, P. cryptus. Mealybugs were collected from a glasshouse of the Department of Citrus Research, Okitsu, National Institute of Fruit Tree Science (NIFTS) in Shizuoka Prefecture and reared on pumpkin fruit at constant temperatures (20 or 25°C) under a photoperiod of 16L:8D. The first, second and third instar nymphs of P. cryptus were distinguished by external appearances (Arai, 1998) and used separately for experiments after being reared on citrus leaves for one day. Adult females were collected from the pumpkins after molting and reared on citrus leaves or other pumpkins for a few days before they were used for the experiments.
Parasitoids. A. citri and A. subalbipes were collected from citrus orchards of the Department of Citrus Research, Kuchinotsu, NIFTS in Nagasaki Prefecture. They were reared on P. cryptus at constant temperatures (20 or 25°C) under a photoperiod of 16L:8D. In the experiments, adults of A. citri were exposed to different stages of the mealybug reared on citrus leaves, while adults of A. subalbipes were exposed to adult female mealybugs reared on pumpkins because the latter parasitoid can only be reared on adult female hosts.
Host stage preference of Allotropa citri. The first, second, third instar nymphs and adult females of the host were tested for susceptibility to the parasitoid. A citrus leaf infested with 30-50 individuals of first, second, third instar nymphs or adult females of P. cryptus was placed in a plastic petri dish (9 cm in diameter and 1.5 cm in depth) of which the bottom was covered with a sheet of filter paper (Toyo Roshi Co. Ltd., No. 1, 9 cm in diameter) moistened with distilled water and a female of A. citri released in the petri dish for one day. Female parasitoids were kept with males for mating for more than one day before release. Experiments were conducted at 20°C under a photoperiod of 16L : 8D and then mealybugs were reared and observed daily for 40 days. When leaves became deteriorated, the mealybugs were moved to new leaves. Mealybugs mummified during rearing were collected and placed individually in plastic sample cups with a lid (1.8 ml). The mummies were observed daily for 40 days after mummification.
Developmental duration of Allotropa citri at different constant temperatures. A citrus leaf infested with 30-50 individuals of first and second instar nymphs of P. cryptus was placed in a plastic petri dish described as above and a mated or unmated adult female of A. citri released into the dish for one day. The female parasitoids were kept with males for mating for more than one day before release. Experiments were conducted at 20, 25 and 27.5°C under a photoperiod of 16L : 8D. The mealybugs were reared and observed daily for 40 days at 20°C and for 30 days at 25 and 27.5°C. When leaves became deteriorated, the mealybugs were moved to new leaves. Mealybugs mummified during rearing were collected and placed individually in plastic sample cups with a lid. The mummies were observed daily for 40 days at 20°C and for 30 days at 25 and 27.5°C after mummification.
Developmental duration of Anagyrus subalbipes at different constant temperatures. A pumpkin infested with 20-30 adult females of P. cryptus was placed in a plastic container (15 cm in diameter and 11 cm in depth) with a lid that had openings covered with a fine net for ventilation and an adult female of A. subalbipes released into the dish for one day. The female parasitoids were kept with males for mating for more than one day before release. Experiments were conducted at 20, 22.5, 25 and 27.5°C under a photoperiod of 16L : 8D. The mealybugs were reared and observed daily for 30 days. Mealybugs mummified during rearing were collected and placed individually in plastic sample cups with a lid (1.8 ml). The mummies were observed daily for 30 days after mummification.
Longevity of adult parasitoids. The adult parasitoids of both species, which emerged during each experiments at 25°C under a photoperiod of 16L : 8D, were reared in plastic sample cups with a lid (1.8 ml) streaked with honey solution (50 : 50 honey:water) for food at 25°C under a photoperiod of 16L : 8D. The parasitoids were observed daily until they died.
Number of progeny produced by an Allotropa citri female. A citrus leaf infested with 50 individuals of first and second instar nymphs of P. cryptus was placed in a plastic petri dish (9 cm in diameter and 1.5 cm in depth) of which the bottom was covered with a sheet of filter paper (Toyo Roshi Co. Ltd., No. 1, 9 cm in diameter) moistened with distilled water and a mated or unmated adult female of A. citri released into the dish for one day. The female parasitoids were kept with males for mating for more than one day before release. The hosts were exchanged for new ones every half day for the first three days and daily thereafter. Experiments were conducted at 20°C under a photoperiod of 16L : 8D. The mealybugs were reared and observed daily for 40 days. When leaves became deteriorated, the mealybugs were moved to new leaves. Mealybugs mummified during rearing were collected and reared individually in plastic sample cups with a lid (1.8 ml). The mummies were observed daily for 40 days after mummification. The number of mummified mealybugs was counted and regarded as the number of progeny produced by the parasitoid.
Number of progeny produced by an Anagyrus subalbipes female. A pumpkin infested with 20-30 adult females of P. cryptus was placed in a plastic container (15 cm in diameter and 11 cm in depth) with a lid that had openings covered with a fine net for ventilation, and an adult female of A. subalbipes was released into the container. The female parasitoids were kept with males for mating for more than one day before release. None of the female parasitoids were removed from the container until they died. The rearing was conducted at 20°C under a photoperiod of 16L : 8D. The mealybugs were reared and observed daily for 30 days after the parasitoids died. Mealybugs mummified during rearing were collected and reared individually in plastic sample cups with a lid (1.8 ml). The mummies were observed daily for 30 days after mummification. The number of mummified mealybugs was counted and regarded as the number of progeny produced by the parasitoid.
Analysis. JMP Version 3.1 (SAS Institute, 1995) was used to analyze the data. Table 2 shows the developmental duration of the parasitoid on different stages of the host. No significant difference was observed in the developmental duration between female and male parasitoids on any of the host stages (Fϭ2.8052, dfϭ1, pϾ0.0969, Table 2 ). Also, no significant difference was observed in the developmental duration of the parasitoid between the first and the second instar hosts (TukeyKramer-test, pϭ0.05; Table 2) .
RESULTS AND DISCUSSION

Host stage preference of Allotropa citri
A solitary parasitoid, Allotropa utilis, is reported to parasitize younger nymphs of its host (Murakami, 1963) , while gregarious parasitoids, Allotropa burrelli (Clancy, 1944) and Allotropa japonica (Mani and Krishnamoorthy, 1989) , prefer at least half grown stages or third instar nymphs of the mealybug because the individual number of parasitoids growing in a host of the latter is greater and the ratio of females to males is higher than on the younger stages of each host. In this experiment, the ratio of female to male of A. citri on the first instar nymphs of P. cryptus was higher than that on other stages (Likelihood Ratio-test, c 2 ϭ12.213, pϭ0.001). Therefore, the first instar nymph of P. cryptus appears to be a suitable host stage for A. citri. The percentage parasitism of the first and second instar nymphs of P. cryptus was higher than the other stages, and there was no significant difference in developmental duration of the parasitoids between individuals developing in the first and the second instar nymphs. Therefore, the second instar nymph of P. cryptus appears to also be a suitable host stage for A. citri as shown in the observations of Bartlett and Lloyd (1958) . This parasitoid appears to be effective if released when most of the mealybugs are the first and second instar nymphs.
Developmental duration of Allotropa citri at different constant temperatures
All the offspring of unmated females of A. citri were males, thus, this parasitoid appears to be arrhenotokous parthenogenic. No difference in the developmental duration between female and male individuals was observed at each temperature (Table 3 ). The developmental zero and the thermal constant of this parasitoid were 10.1°C and 518.1 degree-days, respectively (Fϭ196.9, rϭ0.99477, dfϭ1, 2, pϭ0.01) . This parasitoid can produce five generations in a year in Nagasaki where the host generates four generations (Arai, 2002) . The developmental duration of this parasitoid is similar to that of Allotropa burrelli (Clancy, 1944) and longer than that of Allotropa japonica (Mani and Krishnamoorthy, 1989) .
Developmental duration of Anagyrus subalbipes at different constant temperatures
The developmental duration of A. subalbipes at four different constant temperatures is shown in Table 4 . No significant difference in developmental duration was observed between females and males except at 20°C. The developmental zero and the thermal constants of females and males were 13.0°C and 234.2 degree-days (DD) (Fϭ146.0, rϭ0.99322, dfϭ1, 2, pϭ0.01) and 12. 1°C and 245.5 DD, respectively (Fϭ104.4, rϭ0.99056, dfϭ1, 2, pϭ0.01) . This parasitoid can produce seven generations in a year in Nagasaki. The developmental duration of this parasitoid is similar to that of Anagyrus dactylopii (Mani and Krishnamoorthy, 1992) and Anagyrus pseudococci (Avidov et al., 1967; Chandler et al., 1980) and shorter than that of Anagyrus kamali (Sagarra and Vincent, 1999) .
Longevity of adult parasitoids
The adult longevity of A. citri and A. subalbipes is shown in Tables 5 and 6 , respectively. No significant difference in longevity of A. citri adults was observed between females and males (t 177 ϭ0.141, pϾ0.8884; Table 5 ). The longevity of this parasitoid was close to that of A. japonica (Mani and Krishnamoorthy, 1989) , and was longer than that of A. burrelli (Clancy, 1944) . The longevity of A. subalbipes adult females was longer than that of males (t 32 ϭ5.682, pϽ0.0001; Table 6 ) similar to Anagyrus mangicola (Cross and Moore, 1992) . The adult longevity of A. subalbipes seemed to be longer than that of other Anagyrus species (Tingle and Copland, 1989; Cross and Moore, 1992; Mani and Krishnamoorthy, 1992) .
Number of progeny produced by an Allotropa citri female
An average of 113.0Ϯ23.9 (meanϮSE of eight replicates, maximum 214, minimum 31) progeny were produced by an A. citri female. The number of ovarian eggs of the females of Allotropa burrelli and Allotropa subclavata were reported to be 565 (Clancy, 1944) and 483 (Tanaka and Kobayashi, 1968) on the average, respectively, and these values were much greater than the number of progeny 508 T. ARAI and K. MISHIRO produced by an A. citri female. In this experiment, both the parasitoids and parasitized mealybugs were not dissected and no investigation was conducted as to fecundity of this parasitoid. Some of the mealybugs parasitized by A. citri in this experiment left the leaves and died in a droplet of water on the wall or the underside of the petri dish lid. Therefore, the fecundity of this parasitoid may have been underestimated. This parasitoid can oviposit on the day of emergence as is the case with A. burrelli (Clancy, 1944) and A. subclavata (Tanaka and Kobayashi, 1968) . Oviposition lasted 7 days and 90% of the eggs were deposited within four days after emergence (Fig. 1) .
Number of progeny produced by an Anagyrus subalbipes female
An average of 10.0Ϯ0.9 (meanϮSE of 36 replicates; maximum 24, minimum 3) progeny were produced by one A. subalbipes female and this value was less than that of A. dactylopii (Mani and Krishnamoorthy, 1992) , A. kamali (Persad and Khan, 2002) and A. pseudococci (Avidov et al., 1967; Chandler et al., 1980) . The progeny production by A. subalbipes was much less than that of P. cryptus, which oviposited 200 eggs on average (Arai, 1996) . It was reported that 41% and 60% of A. kamali eggs were encapsulated on the third instar and adult females of Maconellicoccus hirsutus, respectively (Sagarra and Vincent, 1999) and only 26% of the parasitoids emerged from the host (Sagarra et al., 2000) . In the present experiment, dissection of both the parasitoids and parasitized mealybugs was not conducted, therefore, the fecundity of A. subalbipes may have been underestimated.
CONCLUSION
From the results of these experiments, the production of progeny by A. citri and A. subalbipes appears to be lower than the fertility of P. cryptus, although these parasitoids are considered from the field data to be important natural enemies of the mealybug (Arai, 2002) . That is, the percentage parasitism of this mealybug by these parasitoids in the field was high and the mealybug density was stable. Additionally, predators such as a gallmidge and ladybird beetles were observed as natural control agents of the mealybug in the field (Arai, 2002) . On the other hand, Arai (2001) reported that rainfall with wind affected the survival of the mealybug. Therefore, the predators and meteorological factors such as rainfall may compensate for the low fertility of the parasitoids and this mealybug may be suppressed by a combination of these factors. 
